I CLAIM: 



on a substrate, comprising: 



A method of forming a hardened surfac 
providing a substrate; and 
forming a metallic glass coating on the substrate and having a first hardness of at 
least about 9.2 GPa, wherein the metallic glass comjfrises fewer than 1 1 elements. 

2. The method of claim 1 further comprising converting at least a portion of 
the metallic glass coating to a crystalline material fiaving a nanocrystalline grain size and 
a second hardness of at least about 9.2 GPa 



The method of claim 2 wherein tne substrate is a metallic material. 



4. The method of claim 2 wherein the substrate is a ceramic material. 



5. The method of claim 2 whereiA the first hardness is at least about 10.0 




GPa. 



6. The method of claim 2 wherein the metallic glass comprises fewer than 7 
elements. 

7. The method of claim 2 wherein the metallic glass coating is applied to the 
substrate as a plasma spray. 
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8. The method of claim 2 wherein the fimiing the metallic glass coating 
comprises an application of an atomized powder off a metallic glass material over the 
substrate. / 

9. The method of claim 2 wherein ttte forming a metallic glass coating 
. comprises forming a successive buildup of continuous layers. 

10. The method of claim 2 whereiri the converting comprises heating the 
metallic glass to above a crystallization temperature of the metallic glass. 

1 1 . The method of claim 1 0 wh(&rein the heating comprises heating to a 
temperature of at least about 600 °C and bMow a melting temperature of the metallic 
glass. / 

12. The method of claim 2/wherein the second hardness is at least about 10.0 
GPa. / 

A method of forming a hardened surface on a substrate, comprising: 
providing a substrate; / 

forming a metallic glasfe coating on the substrate; the metallic glass comprising 
one or more materials selectefd from the group consisting of (Feo.85Cro.i5)83Bi7, 
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(Feo.8Cro.2)83Bi7, (Feo.75Cro.25)83Bi7, (Feo.6Coo,2CroA3B,7, (Feo.8Cro.,5Moo.o5)83B,7, 
(Feo.8Cro.2)79Bi7C4, (Feo.8Cro.2)79B,7Si4, (Feo.8Cro/)79B,7Al4, (Feo.8Cro.2)75BnAl4C4, 
(Feo.8Cro.2)75BnSi4C4, (Feo.8Cro.2)75BnSi4Al4, nFeo.8Cro.2)7iBi7Si4C4Al4, (Feo.7Coo.iCro.2)83B, 
(Feo.8Cro.2)8oB2o, (Feo.8Cro.2)76B,7Al7, (Feo.8Cr/2)79Bi7W2C2, (Feo.8Cro.2)8iB,7W2, and 
Fe64Ti3Cr5Mo2Bi6C5SiiAl2La2; and / 

converting at least a portion of the metallic glass coating to a crystalline material 
having a nanocrystalline grain size. / 

14. The method of claim 18 wherein the metallic glass coating is applied to 
the substrate by a plasma spray systdm. 

15. The method of claim 13 wherein the forming the metallic glass coating 
comprises an application of an atomized powder of a metallic glass material over the 
substrate. / 

16. The method df claim 13 wherein the forming a metallic glass coating 
comprises forming a successive buildup of continuous layers. 

17. The method of claim 13 wherein the metallic glass coating comprises 
(Feo.85Cro ,5)83Bi7. / 
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18. The method of claim IB wherein the metaUic glass coating consists 
essentially of (Feo.85Cro.,5)83Bi7. / 

19. The method of claim 13 wherein the metallic glass coating consists of 

(F^0.85Cro,i5)83Bi7. / 

20. The method of claim 13 wherein the metallic glass coating comprises 
(F6o.8Cro.2)83Bi7. / 

21 . The method ctf claim 13 wherein the metallic glass coating consists 
essentially of (Foo sCtq2\^bL 

22. The method of claim 13 wherein the metallic glass coating consists of 

(F^O,8Cro.2)83Bi7. / 

23. The metmod of claim 13 wherein the metallic glass coating comprises 

(F^0.75Cro.25)83Bi7. / 

24. The ni'ethod of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.75<tro.25)83Bi7. 
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25. The method of claim 13 wherein the metallic glass coating consists of 
(Feo.75Cro.25)83Bi7- I 

26. The method of claim 13 wherein the metallic glass coating comprises 

(F^0.6COo.2Cro.2)83B 17- / 

27. The method of claim IB wherein the metallic glass coating consists 
essentially of (Feo.6Coo.2Cro.2)83Bi7. / 

28. The method of claim 13 wherein the metallic glass coating consists of 

(F^0.6COo.2Cro,2)83B 17. / 

29. The method of claim 13 wherein the metallic glass coating of comprises 
(F^o.sCro. 1 5Moo,o5)83B 1 7- / 

30. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.gCro.isMoi 05)83617. 

31. The methoQ of claim 13 wherein the metallic glass coating consists of 

(F^0.8Cro.l5MOo,05)83Bi7. / 
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32. The method of claim 13 wherein the metaUic glass coating comprises 

(F^O,8Cro.2)79Bi7C4. I 

33. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)79B 17C4. / 

34. The method of claim 13 wherein the metallic glass coating consists of 

(F^0.8Cro.2)79B 17C4. / 

35. The method of claim/l3 wherein the metallic glass coating comprises 

(F^0.8Cro,2)79B 1 7Si4. / 

36. The method of clami 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)79Bi7Si4. / 

37. The method of daim 13 wherein the metallic glass coating consists of 
(Feo.8Cro.2)79Bi7Si4. I 

38. The method 01 claim 13 wherein the metallic glass coating comprises 
(Feo.8Cro,2)79B 17AI4. / 
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# 

39. The method of claim 13 whereinfthe metallic glass coating consists 
essentially of (Feo.8Cro.2)79B 17AI4. / 

40. The method of claim 13 whenein the metallic glass coating consists of 

(F^0.8Cro.2)79B 17AI4. / 

41. The method of claim 13 wnerein the metallic glass coating comprises 

(F^0.8Cro.2)75B 1 7 AI4C4. / 

42. The method of claim 13f wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)75B,7Al4C4. / 

43. The method of claim 13 wherein the metallic glass coating consists of 

(FeO,8Cro.2)75B 17AI4C4. / 

44. The method of dlaim 13 wherein the metallic glass coating comprises 
(Feo.8Cro.2)75Bi7Si4C4. / 

45. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)75Bi4Si4C4. 
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46. The method of claim 13 whercm the metallic glass coating consists of 
(FGa8Cro.2)75Bi7Si4C4. / 

47. The method of claim 13 wnerein the metallic glass coating comprises 
(Feo.8Cro.2)75B i7Si4Al4. / 

48. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)75Bi7Si4Al4. / 

49. The method of claimf 13 wherein the metalHc glass coating consists of 

(F^0.8Cro.2)75Bi7Si4Al4. / 

50. The method of claim 13 wherein the metallic glass coating comprises 

(F^0.8Cro.2)7lBi7Si4C4Al4. / 

5 1 . The method off claim 1 3 wherein the metaUic glass coating consists 
essentially of (Feo.8Cro.2)7iBiJsi4C4Al4. 

52. The method/of claim 13 wherein the metallic glass coating consists of 
(Feo.8Cro^2)7iBi7Si4C4Al4. / 
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53. The method of claim 13 wnerein the metallic glass coating comprises 
(Fco.vCoo. 1 Cro.2)83B 17. / 

54. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.7Coo.iCro.2)83Bi7. / 

55. The method of claim 16 wherein the metallic glass coating consists of 
(FeojCoo.iCro.2)83Bi7. / 

56. The method of claim 13 wherein the metallic glass coating comprises 
(F^o.8Cro.2)8oB2o- / 

57. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)8oB2o. / 

58. The method onclaim 13 wherein the metallic glass coating consists of 
(F^o.8Cro.2)8oB2o- / 

59. The method/of claim 13 wherein the metallic glass coating comprises 
(Feo.8Cro.2)76B 17AI7. / 
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60. The method of claim 13 wherein the metalhc glass coating of claim 13 
consists essentially of (Feo,8Cro.2)76Bi7Al7. I 

61. The method of claim 13 wherein the metallic glass coating consists of 
(F^a8Cro.2)76Bi7Al7. / 

62. The method of claim 16 wherein the metallic glass coating comprises 
(Feo.8Cro.2)79B 1 7W2C2 . / 

63. The method of claim 13 wherein the metallic glass coating consists 
essentially of (FQo.sC^o2)79^\i^2U^2' 

64. The method of ilaim 13 wherein the metallic glass coating of claim 13 
consists of (Feo.8Cro,2)79Bi7W2C2. 

65. The method 6f claim 13 wherein the metallic glass coating of claim 13 
comprises (Feo.8Cro.2)8iBi7W2. 

66. The method of claim 13 wherein the metallic glass coating consists 
essentially of (Feo.8Cro.2)iiBi7W2. 
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67. The method of claim lywherein the metallic glass coating of claim 13 
consists of (Feo.8Cro.2)8iBi7W2. 

68. The method of clai^ 13 wherein the metallic glass coating of claim 13 
comprises Fe64Ti3Cr5Mo2Bi6C5Sj,Al2La2. 

69. The method off claim 13 wherein the metallic glass coating consists 
essentially of Fe64Ti3Cr5Mo^i6C5SiiAl2La2. 

70. The methofl of claim 13 wherein the metallic glass coating of claim 13 
consists of Fe64Ti3Cr5Mc/Bi6C5SiiAl2La2. 
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